in that of the adult (7). and therefore, density of FFBM is
The description of a "reference man" (1) of defrned chemical composition has been useful in the internretation of data obtained presumed to be less.
Combining data from a variety of sources and using several assumptions, we have attempted to establish the body composition of a 9-year-old reference boy. We were able to locate data on TBW of 11 normal boys 7 to 1 I years of age (4, 8. 14, 15) . These data and data on TBK from 40K counting of 64 normal boys 8 to 10 years of age (1 1, 13) are summarized in Table 1 . For height and weight of the 9-year-old reference boy. we selected the 50th percentile values for height and weight for 9.0-year-old males in the United States (16) . Because mean values of weight for height of the 7-to I I-year-old boys studied for TBW and the 8-to 10-year-old boys studied for TBK were close to the 50th percentile values for prepubertal boys (16) . we derived the water and potassium content of the reference boy (body weight. 28 kg) by adjustment simply on the basis of body weight. In addition, we reduced the quantity of TBW by 1.6% to adjust for the exchange of deuterium with the rapidly exchangeable hydrogen of organic molecules.' Thus. TBW of the 9-year-old reference boy is 18.3 kg. and TBK is 1619 mEq.
Utilizing these values for body height, weight, water, and potassium and data from other sources (to be identified). we estimated the content of the following: extracellular and cellular water, osseous minerals. extracellular and cellular nonosseous minerals, and total body protein.
WATER by iarious indirect methods of estimaiing body composition of living subjects, ~f fat-free body mass (FFBM) can be estimated, TBW consists of extracellular water (WEC) and cellular water this quantity can be subtracted from body weight to yield an Because potassium and water Occur in a fixed estimate of the body content of fat. Three major methods are ratio in the extracellular compartment (4 m~~/ k~) (20) and in the utilized for estimating FFBM: (I) total body water content (TBW) celluiar (Is0 mEq/kg) (I2), the is determined from the volume of distribution of a tracer substance may be written: (tritium, deuterium, or antipyrine) within the body; (2) total body for the normal male adult. it is generally assumed that in FFBM WE(. = 1.027 TBW -0.00685 TBK the concentration of water is 737 g/kg (1) and the concentration (2) of potassium is 68.1 mEq/kg (14) . It is further assumed that the Utilizing 1619 mEq for TBK and 18.3 kg for TBW. it is found density of FFBM is 1.100 g/ml and that the density of fat is 0.9007 that WRC of the reference boy is 7.7 kg. Therefore. W V is 10.6 kg.
(1). Currently, there is available no reference individual between MINERALS the age of 3 years (9) and the adult. In the child and adolescent, the same indirect measurements of body composition have been Minerals in the body may be partitioned into those in hard made as in the adult, and the same constants have been utilized tissues (bones and teeth), subsequently referred to as osseous for estimation of FFBM. However, the appropriateness of these minerals, and those in extracellular and celluiar water. subseconstants for the child and adolescent must be questioned. In the quently referred to as nonosseous minerals. The term "minerals" child, extracellular water comprises a larger percentage of body in this context is used to refer to minerals and mineral salts.
weight (2, 3) and, presumably, of FFMB than in the adult. The concentration of minerals is less in the skeleton of the child than ' The correction wac based on the water, proteln, and carbohydrate content of the reference boy and on data summarlzed by Plnson (19) Based on 64 males 8 to 10 years of age (1 1, 13).
OSSEOUS MINERALS
Christiansen and Rodbro (5) have demonstrated that the bone mineral content of the distal portion of the forearm measured in vivo by the two-dimensional photon absorptiometric method correlates reasonably well with total body content of calcium. Examination of the data of Christiansen et al. (6) from study of boys from 7 to 19 years of age indicates that the ratio of body calcium to height is relatively constant from 7 to 14 years of age (but increases rapidly thereafter). The mean calcium-to-height ratio of 79 boys from 7 to 14 years of age was 2.52 g/cm. Thus, for the 9-year-old reference boy with height of 132.0 cm, we calculated the total body calcium to be 0.333 kg. Nearly all body calcium is present in osseous minerals, and in the adult, calcium accounts for 34% of osseous minerals (I). We have assumed that a similar relationship applies at age 9 years. The content of osseous minerals in the 9-year-old reference boy is therefore 0.979 kg (0.333 kg + 0.34).
EXTRACELLULAR AND CELLULAR NONOSSEOUS MINERALS
In extracellular fluid six components account for well over 99% of mineral weight." The combined weight of these six components is 9.4 g/kg of water. Similarly, in cellular fluid six components account for more than 99% of the totaL4 The combined weight of these components is 9.0 g/kg of water. The quantity of nonosseous minerals and mineral salts in the 9-year-old reference boy is therefore 167.8 g (extracellular, 72.4 g; cellular, 95.4 g).
PROTEIN A N D CARBOHYDRATE
Whole-body chemical analyses indicate that in the newborn infant the ratio of nitrogen to potassium is 469 mg/mEq (21) . and in the adult. the ratio is 461 mg/mEq (10) . Utilizing the ratio of 461 mg/mEq, the body content of nitrogen of the 9-year-old nitrogen of the body is included in this calculation and is thus represented as protein equivalents.
We have assumed that in the 9-year-old, as in the adult (17), glycogen accounts for approximately 0.5% of body weight or 140 g in the 28 kg reference boy.
COMPOSITION OF 9-YEAR-OLD REFERENCE BOY
The composition of the 9-year-old reference boy is summarized in Table 2 . Compared with the reference male adult (I), the 9-year-old boy is relatively lean (13.4% versus 15.3% of body weight accounted for by fat) and differs to some extent in composition of fat-free body weight. In the reference male adult water, protein and minerals account for 73.7, 19.4, and 6.976, respectively, of FFBM.
Utilizing densities for body components as summarized by Broiek er al. (l)%nd, for convenience, including the small amount of glycogen with the water compartment, calculated whole-body density is 1.064 for the reference male adult and 1.054 for the 9-year-old reference boy. Calculated density of FFBM is 1.100 for the reference male adult and 1.082 for the 9-year-old reference boy. The formula for calculating the fractions of the body comprised of fat (f) and fat-free tissue (ff) from body density (DH) may be derived as follows:
where Vr and Vff are the respective volumes of fat and fat-free tissue, and Dr and Drr are the respective densities. If 0.9007 is substituted for Dr and 1.082 for Dm, the following equation is obtained for the 9-year-old reference boy:
COMMENT
For estimating the body composition of a 9-year-old reference boy, it would be desirable to have TBW and TBK determined in the same group of representative 9-year-old boys. However. we consider the data available to be reasonably satisfactory for all parameters except TBW. It was, unfortunately, necessary to base the estimate of TBW on only 11 determinations. These were made by four groups of investigators and concerned boys from 7 to I I years of age.
Because the data on TBW appeared to be the weakest link in our derivation of the body composition of the reference boy, we have utilized an alternate approach as a check on the values used. Equation (1) can also be solved if a value is available for WE(. or Wc. We have estimated WE(. from data on thiosulfate space of 9-year-old boys (20.6% of body weight) (2. 3). using a factor of 1.4 to convert thiosulfate space to extracellular water (WEV = 20.6% x 1.4 = 28.84% of body ~e i~h t ) . -~u a t i o n (I) may then be written as follows:
Substituting 1619 mEq for TBK and 8.075 kg ( i e . , 28.84% x 28 kg) for WEC, TBW is found to be 18.65 kg and fat-free body mass is 24.6 kg. Thus, a n independent method of calculating TBW yields a result in rather good agreement with the I I measurements of 7-to 1 1-year-old boys. Fortunately, the constancy of total body calcium per unit of height from 7 to 14 years of age permits use of the large number of measurements made by Christiansen et al. (6) . and there is little difficulty in arriving at -an estimate of osseous mineral for the reference boy. Although the extent of mineralization of the skeleton is likely to be proportional to density of the bones of the distal forearm as indicated by photon absorptiometry, there is no assurance that the same quantitative relationship obtains in the child as in the adult. Neither is it certain that the ratio of nitrogen to potassium in FFBM is the same in the 9-year-old as in the newborn and the adult. However, it seems to us most unlikely that our assumptions regarding bone mineral content or nitrogen to potassium ratio will introduce important errors.
As an independent test of the validity of the calculated composition of the 9-year-old reference boy, we have compared body density of this reference by (1.054) with that of the 40 boys studied sequentially by Paiiikova (18) . Mean body density determined by hydrostatic weighing of these 40 boys was 1.057 at a mean age of 10.7 years and 1.059 at a mean age of 11.7 years. Thus, the body density calculated from the components of the 9-year-old reference boy seems reasonable.
If the composition of fat-free body mass of the 9-year-old boy is similar to that presented in Table 2 , it is clear that data from indirect measurements of body composition (TBW, 4"K counting, and body density) must be interpreted on an age-specific basis. If constants appropriate for the reference adult male were utilized, fat content of the body of the 9-year-old reference boy would be calculated to be 1 1.3, 15.1, and 19.7% of body weight, respectively, from determinations of TBW, TBK, or body density rather than the 13.4% of body weight that results from utilization of agespecific constants.
It is evident that body composition of other boys of different ages and of girls can be calculated in a similar manner. Use of age-and sex-specific constants will aid greatly in interpretation of data from indirect measurements of body composition.
